INTRODUCTION
============

Food allergy (FA) is an adverse immunologic response on exposure to food proteins.[@B1] It affects all ages and symptoms can range from minor reactions to life-threatening anaphylaxis.[@B1] Because the only treatment is avoidance of the offending foods, it is important for physicians to identify the prevalence of FA and common allergens for correct diagnosis and management.

A meta-analysis which assessed the prevalence of FA according to the method of assessment reported a 12% overall prevalence of FA in children between 0-16 years of age based on self-reporting questionnaire survey, and 3% in all ages on the basis of reports including a double-blind placebo-controlled food challenge.[@B2] A study from Thailand reported a questionnaire-estimated prevalence of current FA of 9.3%. However, this rate dropped to 1.1% after oral food challenge tests among children aged 3-7 years.[@B3] The self-reported prevalence of FA in a study conducted in Taiwan was 3.4% in children under 3 years of age and 7.7% in children aged 4-18 years.[@B4] Several recent studies have also provided the prevalence of FA in Korean children. Prevalence of \"perceived FA, current\" which was assessed by questionnaire in a population-based, cross-sectional study was 3.3% in children aged 6-7 years and 4.5% in children aged 12-13 years.[@B5] A birth cohort study reported a prevalence rate of immediate-type FA of 5.3% during the first year of life.[@B6] However, there is relatively little information available regarding FAs in preschool-aged children in Korea.

Cow\'s milk, eggs, peanuts, wheat, and soy have been regarded as common causes of FA in childhood, while peanuts, tree nuts, fruit, and seafood are more frequent in adulthood in some reports of North America and Australia.[@B7],[@B8] In Korea, the leading causes of FA have been reported as eggs, milk, and peanut/nuts in infants, while eggs, crustaceans, and fruit were most common causative foods in school children.[@B5],[@B6] These results suggest that common food allergens are different according to the age during childhood.

Until now, studies concerning the prevalence of FA and common food allergens in Korea have been done in infants and school children. However, information on preschool children is not available. In particular, this age group in Korea tends to spend much more time in day care centers and so is at higher risk of serious events by accidental ingestion. The aim of the present study was to determine the prevalence and causative foods of immediate-type FA and evaluate the difference according to age in early childhood.

MATERIALS AND METHODS
=====================

Study population
----------------

A questionnaire-based, cross-sectional study was performed in Seoul, Korea, between September and October 2011. Children aged 0-6 years were recruited from 301 public child care centers. Parents of all children in the child care centers were given a detailed questionnaire to be completed. This study was approved by the institutional review board at Samsung Medical Center (SMC 2012-09-001) and informed consent was obtained from all parents.

Questionnaire and definition of FA
----------------------------------

The questionnaire included information regarding sex, age, birth date, and demographic data. If a child had ever had allergic reactions to foods, parents were asked to complete a more detailed questionnaire on the offending foods, time of onset after eating foods, repeated episodes of symptoms, symptoms and past medical history of physician-diagnosed FA. To identify the causative foods, multiple choice questions were given to parents or guardians. Questions regarding causative foods pertained to individual food items (hen\'s egg, milk, soy, peanut, wheat, buckwheat, and sesame) and food groups (tree nuts, fruits, vegetables, fishes, crustaceans, and meats). The questionnaire also contained whether the causative foods had been excluded from the diet.

FAs were defined as follows, according to the algorithm in [Fig. 1](#F1){ref-type="fig"}. Briefly, a child was regarded to have \"perceived FA, ever,\" if the parents answered \"yes\" to the question \"Has your child ever had allergic reactions to food?\" \"Immediate-type FA, ever\" was determined as having reproducible symptoms within 4 h after ingestion of foods. \"Immediate-type FA, current\" was considered when a child had maintained restriction of the suspected food. In addition, \"physician-diagnosed FA, ever\" was defined as a positive answer to physician-diagnosis with allergy tests in hospital settings among children with \"perceived FA, ever.\"

We classified the reported symptoms according to the affected organs: 1) reactions on skin, mucosal tissue or both, such as an urticaria, rash, itching, redness, and angioedema; 2) gastrointestinal symptoms if the reactions involved vomiting, nausea, abdominal pain, or diarrhea; and 3) respiratory symptoms such as cough, dyspnea, and wheezing.[@B9] Anaphylaxis was defined as symptoms that developed rapidly after exposure and affected at least 2 major organs.[@B9] A telephone interview was conducted with parents who reported anaphylaxis to obtain more detailed information.

Statistical analysis
--------------------

Data were analyzed using the SPSS 20.0 statistical software for Windows. The Chi-squared test was applied to determine the differences in the proportions. Univariate and multivariate logistic regression analyses were applied to examine the association between the prevalence of \"immediate-type FA, current\" and categorical variables. These included the gender, the age group, the season of birth, and the residential areas. A *P* value \<0.05 was considered to be significant.

RESULTS
=======

Data were collected from 16,982 children and 233 children were excluded because of incomplete questionnaire responses. A total of 16,749 children (8,758 boys and 7,991 girls) with a mean age of 3.7 years (range 0-6 years) participated in the survey. [Table 1](#T1){ref-type="table"} summarizes the demographic characteristics of the children for whom questionnaires were completed.

The prevalence of \"perceived FA, ever,\" \"immediate-type FA, ever,\" and \"immediate-type FA, current\" was 15.1%, 7.0%, and 3.7%, respectively ([Table 2](#T2){ref-type="table"}). In addition, 27.4% out of children who reported to have \"perceived FA, ever\" had been visited hospitals and underwent allergy tests, and 13.5% out of children with \"perceived FA, ever\" had been diagnosed as FA by a physician. Only 2.0% (342/16,749) of all subjects reported \"physician-diagnosed FA, ever.\" \"Immediate-type FA, current\" was reported by 182 (4.9%) of 3,738 children aged 0-2 years, 262 (3.4%) of 7,648 children aged 3-4 years, and 177 (3.3%) of 5,363 children aged 5-6 years. Children aged 0-2 years displayed higher prevalence of FA than other age groups in univariate and multivariate analyses *P*\<0.001). No difference was found in FA prevalence according to gender, residential area and season of birth in univariate and multivariate analyses.

Of the 621 children who responded to have \"immediate-type FA, current,\" hen\'s egg (126/621) was the most frequent cause as the individual food item in children aged 0-6 years, followed by cow\'s milk (82/621), peanut (58/621) and soybean (17/621). Among the food groups, fruits (114/621), tree nuts (90/621) and crustaceans (85/621) were the most common offending foods causing allergy ([Fig. 2](#F2){ref-type="fig"}). Of the children for whom \"immediate-type FA, current\" was reported, 148 (23.8%) showed symptoms to two or more foods. Overall, 584 (94.2%) children demonstrated skin or mucosal symptoms, followed by gastrointestinal symptoms (10.0%), anaphylaxis (7.6%), and respiratory symptoms (6.4%) ([Table 3](#T3){ref-type="table"}). Out of children with \"immediate-type FA, ever,\" 55 (4.7%) children reported experiencing anaphylaxis at least once. Eventually, 47 (0.3%) children out of all subjects had a restricted diet due to anaphylaxis, after exclusion of eight children who outgrew their symptoms. All of eight children had urticarial and GI symptoms like vomiting and diarrhea and causes of anaphylaxis were milk (1), vegetable (carrot, 1), fruit (apple, 1), sesame (1), fish (1) and crustacean (3). The three leading causes of anaphylaxis were hen\'s egg (22/47), cow\'s milk (15/47), and peanut (14/47) ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

The self-reported prevalence of \"immediate-type FA, ever\" and \"immediate-type FA, current\" was 7.0% and 3.7%, respectively, showing that FA can be outgrown over time. Among the current immediate-type FA, the leading causative foods were milk (individual food), peanut (individual food), fruits (food group), tree nuts (food group) and crustaceans (food group).

Many studies regarding the prevalence of FA have been conducted in Western countries, but there are scanty epidemiologic data among preschool children in Asia. This is the largest epidemiologic study to evaluate the prevalence of immediate-type FA in preschool-aged children in Korea. The prevalence of FA in the present study was lower compared with 11.5% in Hong Kong Chinese children aged 2-7 years, 12.6% in Japanese children less than 6-years-of-age, and 10.1% in Colombia children aged 1-8 years.[@B10]-[@B12] The differences may be due to not only the environmental factors including food consumption but also the structure of the questionnaire, which queried current dietary restrictions, and the repeatability and time lag of symptoms after eating the causative foods. Previous studies in Western countries that utilized serum specific IgE or food challenge tests reported lower rates of 1.2%-4.2%.[@B13],[@B14] Because the oral food challenge test is time-consuming and burdensome in the setting of a large study, we did not perform this test but tried to evaluate true immediate-type FA with questionnaires based on a logical algorithm. A prevalence rate of current FA of 3.3% has been reported in children aged 0-6 years in Korea.[@B15] However, the study population was small (n=919) and the authors defined current FA as having allergic symptoms within the last 12 months and a physician diagnosis of FA, leading to underestimation or overestimation. In the present study, the prevalence of \"physician-diagnosed FA, ever\" was 2.0% of all children, and was much lower than 7.1% of \"immediate-type FA, ever.\" Moreover, only about a quarter (26.6%) of children who experienced FA symptoms and 60% of children with anaphylaxis visited hospitals and underwent diagnostic tests. These results demonstrate the high prevalence of misunderstanding on the part of the guardians. Correct diagnosis and proper management in children with FA are important responsibilities of guardians; it is apparent from this study that more education is needed in this regard. These findings should be reflected in public policy that encourages guardians to consult medical professionals and to be provided with practical information, because misunderstanding of FA can result in unnecessary diet restriction, nutritional problems, or accidental exposure to offending foods.[@B16]

While hen\'s eggs and milk are universal food allergens worldwide, the order of other common food allergens varies in different countries, reflecting genetic factors, dietary habits, and exposure to allergenic foods early in life.[@B17],[@B18] For example, allergic reactions to peanut and/or tree nuts are common in Western populations, but the prevalence of peanut and/or tree nuts allergy is relatively low in Asian countries.[@B19]-[@B22] Our study demonstrated the higher prevalence of peanut and/or tree nuts allergy compared to those in previous Korean studies, suggesting that more Korean children have been exposed to peanut and/or tree nuts frequently than previous years.[@B6],[@B15] In addition, fruits are one of the most common offending foods, which is consistent with our previous data in infants and school children.[@B5],[@B6] The results indicate that fruits were important food allergens from early childhood in Korea, unlikely other countries.[@B14],[@B23] Fruit allergies are a result of genuine reactivity to stable allergens through the gastrointestinal tract or the result of cross-reactivity to homologous pollen or latex-related allergens.[@B24] Allergic reactions to fruits in our study could also have been a consequence of primary or secondary FA, because aeroallergen sensitization is reported to be common in young children.[@B25] One possible explanation for the high prevalence of allergies to fruits and seafood is that they are commonly included in a weaning food in infancy. However, additional studies are needed to investigate the difference between our results and other reports.

Skin and/or mucosal symptoms were the most frequent reactions, similar to previous studies that reported skin reactions in more than 80% of cases.[@B12],[@B17] Anaphylaxis was reported in 0.3% out of all participants, which corresponds to the rate of 0.2%-0.4% among similar age groups in other countries.[@B3],[@B12] However, it is difficult to compare causative foods of anaphylaxis in our results with those in other studies, because of the lack of epidemiological data in this age group and very low frequency of anaphylaxis.

The present study did not reveal any factors associated with FA, although previous studies have suggested risk factors for the development of FA such as a family history of atopic disease, birth season, and the early ingestion of allergenic foods.[@B6],[@B26],[@B27] However, this study had a limitation in assessing risk factors of FA, because our survey did not include questions on aspects including family history, which is known to be related to atopic diseases. In addition, tree nuts, fruits, vegetables, fishes, crustaceans, and meats were classified into food groups, in contrast to individual food items, and this categorization could make it difficult to compare the prevalence of allergy to food groups and single foods. Despite these limitations, our results provide useful information regarding FA in early childhood.

In conclusion, the estimated prevalence of current immediate-type FA was 3.7%, and was higher in younger children. The most common food allergens differed with age. These findings could help physicians to make a correct diagnosis and public health officials to plan targeted programs for FA.
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